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ABSTRACT Folatedeficiency has long been postulated to play a role in the etiology of cervical cancer, the third
most frequent cancer among women worldwide. In a large, multiethnic community-based case-control study of
invasive cervical cancer in five U.S. areas, we assessed accepted and postulated risk factors with an in-home
interview and successfully obtained blood samples, at least 6 mo after completion of cancer treatment, from 51 and
68%, respectively, of interviewed cases and controls. Cases with advanced disease (6%) and/or receiving
chemotherapy (4%) were excluded, leaving 183 cases and 540 controls. Serum and red blood cell folate were
measured with both microbiologic and radiobinding assays. For all four folate measures, risk was moderately, but
nonsignificantly, elevated for women in the lowest quartile, compared to the highest [fully adjusted relative risks
(RR),including serologic human papillomavirus (HPV)-16status = 1.2-1.6]. However, for women in the upper three
homocysteine quartiles (>6.31 /_tmol/L),risk of invasive cervical cancer was substantially and significantly elevated
(fully adjusted RR, including serologic HPV-16 status = 2.4-3.2; P for trend = 0.01). This strong relationship
suggests that circulating homocysteine may be 1) an especially accurate indicator of inadequate folate, 2) an
integratory measure of insufficient folate in tissues or 3) a biomarker of disruption of one-carbon metabolism. The
contribution of common polymorphisms in one-carbon pathway genes, as well as inadequate vitamin B-6, vitamin
B-12 and/or riboflavin, to elevated homocysteine, inefficient one-carbon metabolism and increased cervical cancer
risk merits further exploration. J. Nutr. 132: 2345S-2349S, 2002.
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Worldwide, cancer of the uterine cervix is the third most (HPV) 3 is not just a primary cause of cervical cancer world-
frequent cancer among women, after breast and colorectal wide but a necessary cause (3). Several strains of HPV are
cancer, with -371,000 new cases each year (1). Most cervical oncogenic, with HPV-16 the most prevalent. However, only a
cancer cases (78%) occur in developing countries since screen- small fraction of women infected with HPV will eventually
ing programs have reduced its incidence in the developed develop cervical cancer. Additional steps involving viral DNA
world (1). Nonetheless, in the United States in 2001, an persistence, alteration of host genes that control viral gene
estimated 12,900 women will be diagnosed with cervical can- expression, integration of viral DNA into the host genome
cer and 4,400 women will die from this disease (2). and disruption of cell cycle regulation are required (4). Several

The evidence is increasing that human papillomavirus cofactors that might facilitate this progression are under active
investigation: hormonal factors such as oral contraceptive use
and parity, immunologic factors, smoking, infection with other
pathogens and poor nutrition (5).
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all eight women treated with pharmacologic doses of folate for lowed to clot at room temperature for 40-60 min before being
3 wk, the "megaloblastic" changes markedly improved or dis- centrifuged. The aliquots for serum and red blood cell folate
appeared. It was hypothesized that oral contraceptives inter- were stabilized with ascorbic acid. All aliquots were kept
fered with folate metabolism localized in cervical tissue. Nine frozen at -70°C until assayed.
years later, Butterworth et al. (7) postulated that localized Because it is not clear how best to assess folate status, serum
problems in folate metabolism could encourage the develop- and red blood cell folate were measured with both radiobind-
ment of cervical dysplasia. In a randomized, placebo-con- ing and microbiologic assays (9). Red blood cell folate is
trolled trial among 47 women on oral contraceptives with considered a more reliable measure of folate status than serum
cervical dysplasia, women given 10 mg of supplemental folate folate because it integrates folate intake over several months
daily for 3 mo showed significantly improved cervical pathol- whereas serum folate fluctuates with daily intake (13). Labo-
ogy (7). However, in a comparable but larger trial among 235 ratory coefficients of variation, incorporating both within and
women, no significant differences were seen after 6 mo of between batch variability, were 5 and 12% for the serum
supplementation (8). Like the clinical trials, the -20 obser- radiobinding and microbiologic assays and 10 and 11% for the
vational studies of folate and cervical dysplasia or cancer have whole blood radiobinding and microbiologic assays. Serum
also generated mixed results (9). While some studies have homocysteine was measured by high performance liquid chro-
suggested a protective effect, most have not. However, dietary matography, with a laboratory coefficient of variation of 12%
estimates of folate status are imprecise because the usual adult (14). HPV-16 seropositivity was tested using a well-character-
diet is hard to quantify and folate databases are limited by the ized HPV-16 virus-like particle, enzyme-linked immunosor-
multiple forms, instability and variable bioavailability of folate bent assay.
in foods (9). In addition, many of the observational studies The risk of invasive cervical cancer was moderately, but
have not been able to control for a history of HPV infection nonsignificantly, elevated [fully adjusted, including HPV sta-
or for all of the postulated cervical cancer risk factors, tus, relative risk (RR) = 1.2-1.6] for women in the lowest

In the 1980s, the National Cancer Institute conducted a folate quartile, compared with the highest folate quartile, for
large, multiethnic, case-control study of invasive cervical can- all four folate measures (Table 1). Comparison of various
cer in five U.S. areas, centered around Birmingham, AL, models suggested that there was little confounding by HPV-16
Chicago, IL, Denver, CO, Miami, FL, and Philadelphia, PA status and other cervical cancer risk factors. Women in the
(10,11). Eligible subjects were women, aged 20-74 y, with lowest folate quartile had serum folates of <12.5 Tlmol/L by
histologically confirmed, primary invasive cervical cancer di- the microbiologic assay and <9.7 rlmol/L by the radiobinding
agnosed during a 21-too interval. Up to two potential controls, assay and red blood cell folates of <319 rlmol/L by the radio-
matched by age, ethnicity and neighborhood, were identified binding assay and <699 _/mol/L by the microbiologic assay,
by random digit dialing for each case. A total of 481 cases and which tended to run high. To explore the gradient of risk over
801 controls were interviewed (73 and 72% of those identi- a wider range of folate status, RRs were recalculated by octile
fled). Blood samples were obtained from 245 cases and 545 of each folate measure. For the radiobinding assays, but not the
controls (51 and 68% of those interviewed). Of the cases that microbiologic assays, the RR between extremes was strength-
donated blood, 65% were Caucasian, 22% were African- ened. Comparing the lowest to highest octile, RRs, adjusted
American, and 9% were Hispanic. With five diverse commu- for study design factors and HPV status, reached 2.58 [95%
nities serving as the source of cases and controls, this study confidence interval (CI) -- 1.3-5.3] for serum folate and 1.78
population is reasonably representative of U.S. women. (95% CI -- 0.9-3.7) for red blood cell folate.

Structured questionnaires were used to obtain detailed in- Folate status based on the microbiologic and radiobinding
formation on cervical cancer risk factors, including sexual assays was correlated for both the serum [correlation coeffi-
behavior, reproductive and menstrual history, exogenous hot- cient (r) -- 0.90] and red blood cell (r = 0.77) measures. This
mone use, personal and familial medical history, smoking and agreement was reassuring because it implies that, although
diet, including vitamin supplement use (12). Trained staff absolute values might differ, both assays ranked individuals
conducted the interviews in the subjects' homes. For the similarly and thus reliably. The correlation between serum
biochemical/molecular components of the study, nonfasting folate and red blood cell folate was not as high (r -- 0.72 with
blood samples were drawn at least 6 mo after completion of the microbiologic assay and r = 0.63 with the radiobinding
treatment for cervical disease to minimize any effects on blood assay). To integrate both serum measures and both red blood
biomarkers. Treatment included surgery (44% of the cases), cell measures, risks were examined among subjects concur-
localized radiation (18%) or both (28%). All cases with ad- rently in the lowest quartile by both assay methodologies,
vanced stage disease (6%) and/or receiving chemotherapy relative to subjects concurrently in the highest quartile by
(4%) were excluded from biomarker analyses. Blood was al- both methodologies (Table 2). RRs were elevated, although

TABLE 1

Relative risks (95% CI) of invasive cervical cancer by folate status1

Folatestatus Serummicrobiologicassay Serumradiobindingassay RBCmicrobiologicassay RBCradiobindingassay

Quartile4 1.0 1.0 1.0 1.0
Quartile3 0.85 0.68 1.04 0.87
Quartile2 0.81 0.75 1.41 1.04
Quartile1 1.27 (0.7-2.3) 1.63 (0.9--2.9) 1.18 (0.6-2.2) 1.49 (0.8-2.7)
P fortrend 0.73 0.17 0.42 0.18

1Adjustedforage,ethnicity,studycenter,HPV-16serologicstatus,numberofsexualpartners,ageatfirstintercourse,yearssincelastPapsmear,
numberof pregnancies,smokingstatusandintensity,oralcontraceptiveuse,educationand income.Includedare183casesand540controls.CI,
confidenceinterval;HPV,humanpapillomarvirus;RBC,red bloodcell.
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TABLE 2

Relative risks of invasive cervical cancer integrating microbiologic and radiobinding measures of folate status1

Studydesign-adjusted,withHPV Fullyadjusted,withHPV
Cases/controls status,RR2(95%CI) status,RR3(95%CI)

Serumfolate
Microbiologic/radiobinding

High/high 30/94 1.0 1.0
Low/low 45/90 2.0 (1.1-3.7) 1.6(0.7-3.6)

Redbloodcellfolate
Microbiologic/rediobinding

High/high 28/86 1.0 1.0
Low/low 35/80 1.7(0.9-3.5) 1.5(0.6-4.1)

1CI, confidenceinterval;HPV,humanpapillomavirus;RBC,redbloodcell;RR,relativerisk.
2Adjustedfor age,ethnicity,studycenterandHPV-16serologicstatus.
3Alsoadjustedfor numberof sexualpartners,ageat first intercourse,yearssincelastPapsmear,numberof pregnancies,smokingstatusand

intensity,oralcontraceptiveuse,educationand income.

not significantly, in the low folate groups for both serum and To investigate when in the carcinogenic process elevated
red blood cell measures (fully adjusted, including HPV status, homocysteine might be critical, the RRs of invasive cervical
RR = 1.6 for serum folate and 1.5 for red blood cell folate), cancer by homocysteine quartile were recalculated among

Because of previous hypotheses linking oral contraceptive women with a history of HPV infection (Table 4). All of the
use to low folate status and thus increased risk of cervical cases were assumed to have been infected at one time with an

abnormalities (6,7), these associations were closely investi- oncogenic strain of HPV. These cases were compared to con-
gated. Geometric mean serum and red blood cell folates, using trols seropositive for HPV-16 (15% of all controls). Risks
either assay and adjusted for age, ethnicity and study site, were remained substantially elevated for women in the upper three
not significantly different between women who had used oral quartiles (fully adjusted RRs = 1.9-3.8), although smaller
contraceptives and women who had not. In addition, although numbers of subjects led to less stable risk estimates and broader
it had been hypothesized that oral contraceptive use would confidence limits. However, homocysteine levels were not
deplete cervical folate stores, no elevation in risk by folate predictive of detection of HPV-16 antibodies. Among the
status was observed among users of oral contraceptives, controls, adjusted RRs for the lowest to highest homocysteine

Serum homocysteine is a sensitive indicator of folate status quartiles were 1.0, 1.0, 1.0 and 1.3. Thus, elevated homocys-
(15,16). Because of difficulties with the current assays for teine, or the metabolic pattern it reflects, may facilitate the
serum and red blood cell folate (17), serum homocysteine may progression of cervical neoplasia following infection with on-
be a preferable biomarker for folate inadequacy. In our study, cogenic HPV.
women with homocysteine levels in each of the three highest The statistically significant 100-200% increase in risk of
quartiles, relative to women in the lowest quartile, had statis- invasive cervical cancer observed among the women in our
tically significantly elevated risks of invasive cervical cancer study with high serum homocysteine dwarfed the nonsignifi-
(fully adjusted, including HPV status, RRs - 2.4-3.2, P for cant 20-60% increase in risk associated with low folate status.
trend = 0.01, Table 3). The RRs were not substantially Three explanations are possible. First, as discussed earlier,
altered by addition of HPV-16 serologic status or other cervi- serum homocysteine may simply be a more accurate measure of
cal cancer risk factors to the model, suggesting that there was inadequate folate than serum or red blood cell folate because
little uncontrolled confounding. The homocysteine levels at of limitations of the current folate assays (15,16,18). Radio-
which these two- to threefold increased risks were observed, binding assays for folate do not detect all of the biologically
>6.31/.tmol/L, are well within the range for U.S. women. In active forms of folate, while microbiologic folate assays tend to
the third National Health and Nutrition Examination Survey, be imprecise and hard to control. Second, serum homocysteine
the 5th and 95th percentiles for adult women in various age may be an integratory measure of tissue folate availability.
groups were 4-5 and 10-12/,mol/L, respectively. Intracellular concentrations of homocysteine, a potentially

TABLE 3

Relative risks of invasive cervical cancer by serum homocysteinel

Serumhomocysteine Rangeof homocysteine Cases/controls Study-designadjustedRR2 Fullyadjusted,withHPV
quartile levels,izmol/L N = 183/540 (95%CI) status,RR3(95%CI)

1 <6.3 20/134 1.0 1.0
2 6.3-8.0 44/135 2.20(1.2-4.0) 2.40(1.2--4.8)
3 8.1-10.5 60/135 3.04(1.7-5.5) 3.22(1.7-6.4)
4 >10.5 59/136 2.97(1.7-5.4) 2.91 (1.5-5.9)

P for trend = 0.001 P for trend = 0.01

1CI,confidenceinterval;HPV,humanpapillomavirus;RR,relativerisk.
2Adjustedfor age,ethnicityandstudy center.
3Also adjustedfor HPV-16serologicstatus, numberof sexualpartners,age at first intercourse,yearssince last Pap smear, numberof

pregnancies,smokingstatusandintensity,oral contraceptiveuse,educationandincome.
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TABLE 4

Relative risks of invasive cervical cancer by serum homocysteine in women with a history of HPV infection1

Serumhomocysteine Rangeof homocysteine Cases2 HPV-16seropositivecontrols
quartile levels,i_mol/L (N = 183) (N = 79) FullyadjustedRR3(95%CI)

1 <6.3 20 22 1.0
2 6.3-8.0 44 21 2.45(0.9-7.1)
3 8.1-10.5 60 16 3.81(1.3-11.2)
4 >10.5 59 20 1.93(0.6-5.9)

P for trend = 0.42

1CI, confidenceinterval;HPV,humanpapillomavirus;RR,relativerisk.
2All casesassumedto havebeenexposedto oncogenicHPV.
3Adjustedfor age,ethnicity,studycenter,numberofsexualpartners,ageatfirst intercourse,yearssincelastPapsmear,numberof pregnancies,

smokingstatusandintensity,oralcontraceptiveuse,educationandincome.

cytotoxic sulfur amino acid, are kept low by catabolism of and red blood cell folate in this study might be attributable to
homocysteine to cystathionine and the excretion of excess bias. Participation bias seems unlikely. While not all cases and
homocysteine into the bloodstream (19). Thus, elevated cir- controls agreed to give blood, those who did were similar in
culating homocysteine may reflect continuing folate insuffi- terms of demographic factors. In addition, the same patterns of
ciency and homocysteine accumulation in various tissues, cancer risk were seen in all subjects interviewed and in the

Third, elevated homocysteine could be a biomarker of subset that gave blood. Bias due to disease or treatment seems
disruption of one-carbon metabolism. Efficient one-carbon unlikely. Blood samples were collected from the cases at least
metabolism requires not only folate but also adequate levels of 6 mo after completion of any treatment. The small number of
several other vitamins and optimal activity of multiple en- women diagnosed with advanced disease (17 cases) or receiv-
zymes. In one-carbon metabolism, homocysteine accepts a ing chemotherapy (11 cases) were excluded from analysis. For
methyl group from 5-methyltetrahydrofolate to form methio- the women included in the analyses, there was no evidence
nine in a vitamin B-12-dependent reaction; alternatively, ho- that stage (stage I or II) or treatment modality (surgery and/or
mocysteine is degraded by transsulfuration to cystathionine in localized radiation) significantly altered folate or homocys-
a vitamin B-6-dependent reaction (19}. The formation of teine levels. Finally, bias due to deliberate dietary changes
5-methyltetrahydrofolate requires riboflavin (19). In U.S. pop- after diagnosis seems unlikely. At the time of the blood draw,
ulations, elevated levels ofhomocysteine have been associated only two cases reported increased vegetable, fruit or grain
with low levels of vitamin B-12, vitamin B-6 and riboflavin, as intake during the last 3 y in response to their illness, and only
well as of folate (16,20). Methylenetetrahydrofolate reductase five cases reported a loss of appetite. Thus, we found no
(MTHFR; EC 1.5.1.20) catalyzes the formation of 5-methyl- evidence that our findings were generated by differential par-
tetrahydrofolate, the source of the methyl group needed for ticipation or lingering effects of cancer or treatment. However,
homocysteine to be converted to methionine. A common it is impossible to totally rule out these sources of bias in
polymorphism in the MTHFR gene, the C-to-T transition at retrospective studies, and our results should be followed up in
position 677 (C677T), reduces enzyme activity, limits re- cohort studies using blood samples stored before diagnosis of
methylation of homocysteine and thus raises circulating ho- disease.

mocysteine levels (21). Cystathionine /3-synthase (CBS; EC Although the epidemiologic studies of folate and cervical
4.2.1.22) catalyzes the catabolism of homocysteine to cysta- dysplasia/cervical cancer--both the observational studies andthionine. An increasing number of tandem repeats of a 31-
base pair sequence that spans the exon-intron boundary of the the randomized trials--have not produced consistent or com-
CBS gene has recently been associated with reduced enzyme pelling results, all three studies of circulating homocysteine
activity and increased circulating homocysteine (22). Thus, levels and cervical disease have demonstrated positive associ-
elevated homocysteine could be a sensitive biomarker of inef- ations (13,23,24). In a small case-control study nested within
ficient one-carbon metabolism caused by insufficient folate, the Washington County cohort (23), women in the highest
vitamin B-12, vitamin B-6 and/or riboflavin, or by genetic tertile of serum homocysteine levels had more than twice the
variation in critical pathway enzymes, risk of cervical cancer of women in the lowest tertile (adjusted

We currently are exploring the contribution of several RR = 2.67, 95% CI = 0.8-8.8; P for trend = 0.05). Only 39
cases of cervical cancer (13 invasive and 26 in situ} werecommon polymorphisms in one-carbon metabolism genes to

the risk of cervical cancer. Initially we are focusing on the included in the analysis; therefore, the confidence limits of the
MTHFR, CBS and methionine synthase (5-methyltetrahydro- result are wide. However, a strength of the study is that blood
folate:homocysteine S-methyltransferase; EC 2.1.1.13) genes, samples had been collected and stored prospectively (interval
both independently and jointly. Methionine synthase, in a from blood collection to clinical diagnosis of disease: mean
reaction requiring vitamin B-12, transfers a methyl group from = 6 y, range = 1-20 y) and thus were unlikely to be affected
5-methyltetrahydrofolate to homocysteine to form methio- by disease progression or treatment. Furthermore, in a case-
nine. Our initial hypothesis is that polymorphisms that reduce control study including 294 cases of cervical dysplasia (24),
enzyme activity and make one-carbon metabolism less efficient plasma homocysteine was positively, but not significantly,
will increase cancer risk. Ultimately, we hope to integrate the associated with increased risk (adjusted RR for the highest,
nutritional and genetic information to explore their interac- relative to lowest, quintile = 1.6, 95% CI = 0.7-3.6; P for
tion in cervical carcinogenesis, trend = 0.06). In both these studies, as in ours, circulating

We have questioned whether the increased cervical cancer homocysteine was directly related to increased risk of cervical
risk associated with high serum homocysteine and low serum dysplasia/neoplasia, although in these two studies the critical
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